Abstract. Tris(hydroxymethyl)aminomethane (Tris) is one of the most frequently used buffer ingredients. Among other things, it is recommended and is usually used for lectin-based affinity enrichment of glycopeptides. Here we report that sialic acid, a common 'capping' unit in both N-and O-linked glycans may react with this chemical, and this side reaction may compromise glycopeptide identification when ETD spectra are the only MS/MS data used in the database search. We show that the modification may alter N-as well as O-linked glycans, the Tris-derivative is still prone to fragmentation both in 'beam-type' CID (HCD) and ETD experiments, at the same time-since the acidic carboxyl group was 'neutralized'-it will display a different retention time than its unmodified counterpart. We also suggest solutions that-when incorporated into existing search engines-may significantly improve the reliability of glycopeptide assignments.
Introduction P ost-translational modifications (PTMs) may be crucial for the subcellular localization, function, and interactions of proteins. Accordingly, recent mass spectrometryaided proteomic studies are aimed not only at large scale protein identification but also at high-throughput PTM characterization.
Although glycosylation is one of the most frequent PTMs, relatively little is known about this modification because of analytical challenges. Glycosylation cannot be predicted on a genomic basis, it is not template-based, and the glycan structures display bewildering variations [1] . Both N-linked (Asn modification) and O-linked (Ser, Thr, and Tyr modification) glycoproteins feature heterogeneity in site-occupancy as well as in glycan structure at any given modification site [1] [2] [3] . Glycosidic bonds are weaker than peptide bonds, thus, CID/HCD spectra are dominated by carbohydrate fragments and frequently do not provide sufficient information about the aminoacid sequence [2] [3] [4] . Consequently, characterization of site-specific glycosylation used to be limited to purified protein samples [5] [6] [7] [8] [9] . The new MS/MS techniques, electron capture dissociation (ECD, [10] ) and electron transfer dissociation (ETD, [11] ) opened up new possibilities in intact glycopeptide analysis [12] [13] [14] [15] [16] , since in these processes the peptide backbone is fragmented whereas the side chains mostly stay unaltered [17] . ETD is inherently more efficient, thus, large scale glycopeptide studies use this technique. In order to shorten the duty cycle during the characterization of complex mixtures, and selectively target only glycopeptides for ETD analysis, 'beam-type' CID (HCD) data can be acquired on the precursor ions first, and ETD acquisition is triggered by the detection of specified diagnostic carbohydrate ions [18] . Ion trap CID (i.e., resonance activation) cannot fulfill this job since the formation of some diagnostic carbohydrate ions requires multiple bond cleavages, and most of these fragment ions feature masses that are usually lower than one-third of the glycopeptide precursor ion's m/z value (i.e., will not be detected during the analysis).
Interpretation of MS/MS data acquired from complex mixtures inevitably requires a suitable bioinformatic tool. Database search engines were developed and optimized for the Electronic supplementary material The online version of this article (doi:10.1007/s13361-014-0852-9) contains supplementary material, which is available to authorized users. reliable identification of tryptic peptides. Modified peptide identification and site assignments are a bit harder to tackle. Permitting variable modifications on frequently occurring aminoacids opens up the search space leading to increased false discovery rates, and most of the false identifications are among the modified sequences. The situation is even worse when nonspecific cleavages have to be considered, for example, in serum samples or other secreted protein mixtures where proteolytic activity is rampant. The fact that ETD spectra will not yield information on the glycan attached to the peptide is almost as big of a problem as the insufficient peptide fragmentation during CID/HCD analysis of glycopeptides, since variable modifications have to be specified prior to the database search, and permitting too many undermines the reliability of data interpretation.
We used two search engines, Byonic and Protein Prospector 'combined' to evaluate glycopeptide enrichment by lectinaffinity chromatography. Byonic was used to identify N-linked glycopeptides, Protein Prospector was used to find O-glycosylation. As far as we know, presently Byonic [19] is the most promising search engine for glycopeptide identification from ETD data. This search engine considers only Asn residues located in consensus sequences, NX(S/T) (where X cannot be Pro), as potential modification sites. The software is able to combine a protein database with any glycan structure pool specified/generated by the user. Thus, it is inherently efficient in N-linked glycopeptide analysis. Protein Prospector (http:// prospector.ucsf.edu, [20] ) cannot compete with Byonic in the N-glycosylation field for a number of reasons: (1) introducing/ creating new glycan structures is not as straightforward as in the other program; (2) all Asn residues are considered as potential modification sites. This latter feature is a definite shortcoming; however, it permits the identification of glycopeptides featuring the less frequent NXC glycosylation motif [21, 22] that Byonic cannot do without human intervention. The two search engines perform similarly in O-glycosylation analysis, since there is no consensus motif for O-glycosylation that could narrow down the number of potential modification sites to be considered. Both software handle the searches with ETD and HCD data separately; neither of them is capable combining the 'two halves' of the information provided by collisional activation and radical fragmentation. In addition, neither of them deciphers/interprets glycan fragmentation data, except that the newest version of Byonic indicates the sialic acid loss(es) in ETD.
Here we report a side reaction, the amidation of sialic acid that we encountered upon manual evaluation of glycopeptide ETD data, and the 'culprit' was Tris, the buffering agent recommended for the chromatography and widely used in proteomic experiments. Our findings demonstrate that using ETD spectra alone may lead to the misinterpretation of glycopeptide data. We also present data indicating the presence of Tris-amidated glycoforms in an earlier described large glycopeptide dataset [22] , which indicates that this could be a widespread problem. These observations underline the need for improved bioinformatic tools for glycopeptide data interpretation. We propose the combined use of ETD/HCD data, obviously with utilizing the glycan fragmentation as well, and the 'validation' of the precursor ion cluster (i.e., the confirmation of the identity of the monoisotopic ion). In addition, incorporating chromatographic retention time information also may aid accurate structural assignments.
Experimental

Glycopeptide Enrichment by Lectin-Affinity Chromatography
A human serum tryptic digest was injected onto a 2 mm× 250 mm column packed with wheat germ agglutinin (WGA) immobilized on POROS Al resin [15] . After introducing the sample, the column was washed with WGA buffer (100 mM Tris pH 7.5, 150 mM NaCl, 2 mM MgCl 2 , 2 mM CaCl 2 , 5% acetonitrile; flow rate:125 μL/min) and a 100 μL plug of 200 mMN-acetyl-D-glucosamine (GlcNAc) in WGA buffer was injected at 12 min. Three-minute fractions were collected between 9 and 24 min. Each fraction was acidified, desalted, and dried down. Altogether, 12 mg of peptide sample was enriched in four rounds, then combined and subjected to a second round of enrichment in the same fashion as described above.
Mass Spectrometry
The isolated glycopeptide mixture was analyzed by LC-MS using a nanoflow RP-HPLC on-line coupled to a linear ion trapOrbitrap (Orbitrap-Elite; Thermo Fisher Scientific, Bremen, Germany) mass spectrometer operating in positive ion mode.
Data acquisition was carried out in data-dependent fashion; the three most abundant, multiply charged ions were selected from each MS survey for MS/MS analysis. 'Beam-type' CID (HCD) data were acquired for each precursor (normalized collision energy: 35), whereas ETD data acquisition was triggered by the presence of diagnostic sugar oxonium ions 204.0867 (for N-acetylhexosamine, HexNAc) or 366.1395 (for hexosyl N-acetylhexosamine, HexNAcHex); among the 50 most abundant fragments of the HCD spectrum, the mass accuracy requirement was 15 ppm. MS and HCD spectra were acquired in the Orbitrap, and ETD spectra in the linear ion trap. For ETD experiments, fluoranthene was used as reagent and 200/z ms (z: precursor charge) activation time was applied. Supplemental activation (normalized collision energy: 15) for the ETD experiments was enabled.
Data Interpretation
Proteome Discoverer (Thermo Scientific, v1.4.0.288) was used to generate separate HCD and ETD peak lists from the raw data.
The ETD peak list was searched using the Byonic software (v1.3beta-150, Protein Metrics Inc., San Carlos, CA, USA) with the following parameter set: tryptic peptides with maximum two missed cleavages, allowing nonspecific cleavage at 1 terminus; mass accuracies within 10 ppm for precursor ions and 0.4 Da for fragment ions. Fixed modification was carbamidomethylation of Cys residues. Variable modifications were Met oxidation; cyclization of N-terminal Gln residues; and N-glycosylation. For Nglycosylation, the 'common human' glycan database, including~400 glycan masses was selected. Acceptance criteria: 1% false discovery rate on the protein level.
The ETD data were also searched against the subset of proteins confidently identified by Byonic using Protein Prospector (v5.10.10) with the following parameters: trypsin with maximum two missed cleavages; mass accuracies of 5 ppm for precursor ions and 0. 
Results
Unexpected O-Linked Glycan on a Human Serum Protein?
Glycopeptides were enriched from human serum using wheat germ agglutinin (WGA) lectin-affinity chromatography. The search engine Byonic was used to identify N-linked glycopeptides in the mixture (data not shown). As WGA has been shown to bind a wide variety of carbohydrate structures [22] , we wanted to investigate whether unexpected N-glycan structures and any O-linked glycosylation were detected on the already identified glycoproteins. Hence, ETD data were also searched using the search engine Protein Prospector against the subset of proteins identified using Byonic, and undefined mass modifications of 203-3000 Da were permitted on Ser/Thr/Asn. Only a few O-linked glycopeptides were identified in the mixture. Interestingly, for inter-alpha-trypsin inhibitor heavy chain H1 (ITI H1, Uniprot ID: P19827) protein, the very same aminoacid sequence was identified with three different modifications ( Table 1) .
C-terminal z . fragments from z 2 to z 8 were observed in the ETD spectra of all three peptides suggesting that these three compounds are indeed related ( Figure 1 ). Regarding peptide 2, the 656 Da-addition can easily be explained by a sialylated mucin core-1 structure, sialyl-galactosyl-Nacetylgalactosamine (SAGalGalNAc) that is a frequent modification on secreted proteins [1, 3] . The z . ion series along with a few c fragments confidently identify the modified sequence, and the site of modification can be restricted to Ser-10 or Thr-12 ( Figure 1b) . The 511 Damodification on peptide 1 might correspond to a glycan of HexNAc 1 Hex 1 Fuc 1 composition, and considering this structure the mass accuracy of the identified glycopeptide is within 0.03 ppm, well within the ±5 ppm limit afforded by the instrument during this analysis. This putative HexNAcHexFuc glycan matches two O-linked carbohydrate structures described earlier: Gal(β1,4)GlcNAc(β1,3)Fuc [23] or Fuc(α1,2)Gal(β1,3)GalNAc [1] . The presence of the former structure can be ruled out as this type of glycosylation occurs only on consensus motifs CXXGG(S/T)C of EGF domains [23] . The latter glycan sequence is a blood group antigen that may occur on secreted proteins [24] . However, the retention time of this peptide is much shorter than that of peptide 2 with the already deciphered sugar structure, and this is rather atypical for glycopeptides of the same peptide backbone with different carbohydrate structures of approximately the same size. Thus, we carefully inspected the MS/MS data of these related peptides. Upon HCD fragmentation, all three peptides yielded the HexNAc oxonium ion at m/z 204.087 and peptide 2 also featured fragments at m/z 292.102 and 274.092, characteristic for sialic acid ( Figure 2 ). This peptide also produced extensive peptide fragmentation providing information mostly on the N-terminal half of the sequence in form of y and b fragments ( Figure 2b ). Peptide 1 yielded a much weaker HCD spectrum, and surprisingly enough the abundant a 2 -b 2 ion-pair (m/z 221.129 and 249.123) was missing (Figure 2a ). At the same time, most of the y fragments observed for peptide 2 were also detected in this spectrum, the HexNAc-modified y 12 included. Interestingly, there is an abundant fragment ion, m/z 1910.0 in the spectrum that could be assigned as the unmodified y 18 . We rather assumed that this ion represents the unmodified full length peptide (i.e., we concluded that the two N-terminal amino acid residues are missing. Our conclusion was based on the relatively high abundance of this ion and its absence in the HCD of peptide 2 ( Figure 2b) , and on the common knowledge that O-glycopeptides produce the completely deglycosylated peptide ion upon collisional activation [25, 26] . In addition, the new a 2 and b 2 ions were detected albeit not very abundant (Figure 2a) . Thus, the correct peptide sequence for peptide 1 is VLSALQPSPTHSSSNTQR, and the mass modification is 759 Da instead of the suggested 511 Da. The difference in the peptide structure also renders the large retention time difference for peptide 1 more agreeable. However, as far as the glycan structure is concerned, we are back to square one, except we have two peptides bearing the enigmatic 759 Da mass modification that cannot be explained by any commonly occurring human O-linked glycan structures.
(The HCD spectrum of peptide 3- Figure 2c -indicates that the amino acid sequence assignment for peptide 3 was correct.)
Deciphering the 759 Da Modification
The HCD spectra of peptide 1 ( Figure 2a ) and also peptide 3 ( Figure 2c ) indicated unmodified peptide sequences. Thus, we had to assume that the modification occurred on the carbohydrate. It was reasonable to believe that something happened to the sialic acid since that is the only sugar unit featuring a differently reactive functional group. Peptide 2 with the 'normal' trisaccharide displayed the expected sialic acid-diagnostic fragments both in HCD (oxonium ions at m/z 292 and 274, Figure 2b ) and in ETD (charge-reduced sialic Figure 1b ) [12] . While the sialic acid oxonium ions were not detected in the HCD spectra of the other peptides, the above-mentioned 'neutral loss' ion was observed in the ETD spectrum of peptide 3 (Figure 1c) , and the corresponding, but obviously 2 amino acid shorter ion was detected for peptide 1 (m/z 1138(2+), Figure 1a 
Tris-Modified O-Glycopeptides Identified in Mouse Synaptosome Tryptic Digest
In order to find additional supporting evidence for the Trisderivatization of sialic acid, we have revisited our dataset acquired on glycopeptides isolated from mouse synaptosome. Glycopeptides in a mouse synaptosome tryptic digest were enriched by WGA lectin-affinity chromatography, the resulting mixture was fractionated off-line using high pH reversed phase HPLC, and then the collected fractions were analyzed by LC/MS/MS, with just ETD on an Orbitrap Velos mass spectrometer. The mass accuracy for precursors was within 5-7 ppm, and we searched the ETD data with 0.6 Da fragment mass error permitted [15] . Since the synaptosome protein mixture has been characterized during our previous experiments, it was known that numerous secreted and transmembrane proteins were present. Thus, a database search was performed against 423 such proteins, permitting unspecified modifications on Asn, Ser, and Thr residues up to 3000 Da. The resulting histogram of frequently occurring modifications identified a series of glycan structures, and this information was used for database searches with well defined structures. We published a significant part of our results [22] ; however we also indicated in the paper that the mining of this dataset has not been completed.
Following our discovery of the sialic acid-Tris side reaction, we searched the above-mentioned synaptosome dataset for similar modifications, namely for 656 + 103, 947 + 103 and 947 + 2x103 Da mass modifications corresponding to the Tris-amidated sialyl-and disialyl mucin core-1 type glycans. Sixteen glycopeptides were identified, bearing a Tris-modified SAGalGalNAc structure, while seven glycopeptides were found with a disialo-GalGalNAc structure, where one of the sialic acids reacted with Tris ( Table 2) . Doubly modified disialo structures were not identified.
All these-at least partly-'neutralized' sialic acid-containing glycoforms featured retention times 2-3 min shorter than the peptides bearing the corresponding underivatized glycans i.e., their chromatographic behavior was similar to that of peptide 3 (Table 1) . Also, similarly to peptides 1 and 3, the amidated sialic acid remained prone to fragmentation in ETD. However, when both underivatized and modified sialic acids were present in these O-linked structures, usually only the 291 Da loss was detected (data not shown).
Tris-Modified Sialic Acid on N-Glycans
Originally very few sialic acid-containing N-linked glycopeptides were identified in this mouse synaptosome dataset [22] . However, in the process of further data evaluation utilizing the similar charge distribution profile, retention time information of the different glycoforms representing the same amino acid sequences as well as the common fragments in the ETD spectra, we managed to identify numerous additional glycoforms with more acidic structures included [22] . For example, the original 11-glycoform list for peptide VLGFKPKPPKN*ESLETYPLMMK from sodium/potassium-transporting ATPase subunit beta-1 (Uniprot ID: P14094) has been extended significantly. Among the newly discovered glycopeptides, there were neutral, mono-, di-, and trisialo-glycopeptides (data not shown), and a series of 'mystery' glycoforms which, based on the ETD spectra, clearly belonged to the series, but we had difficulties making sense of their masses. The ETD data of glycopeptide with precursor ion at m/z 1074.0882(5+) revealed the presence of a sialic acid, and indicated that neither of the methionines were oxidized (Figure 4b ). Considering these constrains and the mass accuracy required (within 5 ppm) Glycomod in Expasy (http://web.expasy.org/glycomod/) listed only one potential N-linked glycan structure: Man 3 GlcNAc 2 + Hex 2 HexNAc 3 Deoxyhexose 3 Pent 2 NeuAc 1 , contrary to our knowledge that mammalian N-linked structures do not feature pentoses [1] . However, if the sialic acid modification with Tris is considered, the modifying oligosaccharide can readily be identified as a core fucosylated, disialotriantennary complex glycan, a quite common modifier of mammalian proteins, which was also detected without derivatization (Figure 4a) . The chromatographic behavior 
Estimation of the Extent of the Side Reaction
Two approaches were used to estimate the extent of this side reaction. In order to estimate whether most sialoglycan structures were affected by the modification, HCD-data were 'filtered' and spectra representing glycopeptides, sialoglycopeptides, and Tris-sialoglycopeptides were identified relying on the presence of diagnostic fragment ions or fragment ion combinations. It was assumed that all spectra featuring the m/z 204.087 ion represent glycopeptides. Sialoglycopeptides were identified by the additional presence of m/z 274.092 and 292.103 fragments, whereas the presence of Tris-SA derivatives was indicated by m/z 377.155 and 395.166 (20 ppm mass error allowed for all fragment ions). We found that~6% of all acidic glycopeptides was present in Tris-amidated form. In order to estimate what percentage of a sialoglycan was derivatized for any particular glycoform, we compared the peak areas calculated from the selected ion chromatogram of the representative ions of the 'normal' and modified glycoforms (Online Resource 3). It was found that the side product corresponds to approximately 10% of the unmodified structure.
Discussion
Proposed Mechanism for the Derivatization
We attribute the presence of the 103 Da-'shifted' glycoforms to amidation of a sialic acid in the glycan by the common buffering agent Tris during sample preparation. This hypothesis is supported by the mass accuracy of the precursor ions as well as the modified sialic acid oxonium ions detected in the HCD experiments. In addition, the modified glycoforms eluted earlier than their unmodified counterparts during the LC/MS experiments (i.e., in a formic acid-containing mobile phase), while their retention time was longer in high pH reversed phase chromatography, both are clear indication for the presence of less acidic structures [2] . Conversion of free carboxylic acids into amides in dilute aqueous solutions is not expected. On the other hand, esters including lactones can readily be converted into the corresponding amides upon treatment with primary amines. Therefore, we assume that Tris amidates sialic acid lactones occurring either naturally or introduced during sample preparation ( Figure 5) .
Lactone formation between the carboxyl group of sialic acids and adjacent hydroxyl groups may occur at physiological pH [1] . Lactonization of sialic acid-containing compounds, including oligosaccharides [27] , gangliosides [28] , and a synthetic glycopeptide [29] , upon acid treatment has also been reported. Trace amounts of acid has been shown to be sufficient to induce the process [28] . Similar pH conditions persist during peptide extraction after in-gel digestion of proteins or C18 desalting of peptide samples.
'Cumulative' Difficulties in Glycopeptide Analysis
This side reaction offers a nice example to contemplate the difficulties that have to be tackled when 'chasing' glycopeptides. Variable site-occupancy, site-specific glycan heterogeneity, and rampant proteolytic activity in readily available body fluids including serum, which are frequently studied for glycosylation, all increase the complexity of the glycopeptide quagmire. Whatever MS/MS method is used for the glycopeptide analysis, the database search is hindered by the fact that heterogeneity is an inherent property of this PTM, and all the potential glycans have to be listed among the search parameters. Thus, either we have to have a complete glycan pool or allow the software to build the potential structures from the known 'ingredients'-Byonic permits both options. However, since side chains usually do not fragment in ETD, glycopeptide assignment is based on the correct amino acid sequence identification and then on the mass difference between this sequence and the precursor mass measured. Unfortunately, MS/MS data frequently do not provide full sequence coverage. In addition, Pro residues prevent z . and c ion formation at their N-termini. Thus, based on 'limited' fragmentation, which is more of the rule than the exception, the peptide may be misidentified and, consequently, the glycan will be assigned incorrectly too.
Combining 'Beam-Type' CID and ETD Data
The incorporation of information gained from the HCD spectra may prevent such misidentifications. The combination of ECD/CID and ETD/CID data has been proposed and utilized for more reliable sequence identification or phosphorylaton site assignments [30, 31] . Since the HCD data are rich in carbohydrate-related fragments, some information can be gained about the modifying glycan, at least the presence of certain saccharide units can be confirmed, while some structures can be excluded. For example, both sialic acid and fucose are prone to produce abundant neutral losses [32] [33] [34] ; thus, the charateristic ions resulting from such fragmentation confirm their presence. In addition, as pointed out above, O-linked glycopeptides usually feature the abundant, fully deglycosylated peptide ion [26] . Similarly, N-linked glycopeptides produce an abundant ion that corresponds to the peptide with the core GlcNAc retained [2, 4] . Provided that fragment ions generated by collisional activation are measured with high resolution and high mass accuracy, a molecular mass confirmation for the amino acid sequence could be gained from the masses of the deglycosylated or GlcNAc-modified peptide ions. Obviously, whenever peptide fragmentation is also detected, that could make or break the ETD-based identification.
The Importance of Accurately Measured/Identified Monoisotopic Precursor Ions
During the characterization of complex protein mixtures, the necessity of high accuracy mass measurements on the MS1 level is inevitable. Since this mass accuracy is recently within the 5 ppm window, the question may arise why a peptide-level mass confirmation could improve glycopeptide identification. Partly because nonspecific cleavages, and fortuitous peptide-or glycan-mass altering modifications may occur, as presented here. Partly because the correct monoisotopic peak assignment still represents a challenge for the peak-picking programs whenever the monoisotopic m/z value has to be identified from an ion cluster representing a relatively large compound that is detected barely above noise level or is overlapping with some coeluting other species. Both of these situations may occur to glycopeptides somewhat more frequently than to unmodified compounds, (1) even just the N-linked core structure adds 892 Da to the peptide sequence modified; (2) the presence of numerous glycoforms makes the glycopeptide mixtures unusually rich in high mass, high charge state ions [13, 14, 16, 22] . Both Byonic and Protein Prospector allow the consideration of incorrect monoisotopic peak assigment as an option; however, this is a 'double-edged sword.' Unfortunately, the 'incorrect precursor ion determination' could also prove to be incorrect and that will result in data misinterpretation, especially with the low resolution and low mass accuracy of ion trap data. A potential solution to this problem could be a 'feed-back' checking mechanism, where the theoretical precursor ion cluster of the peptide tentatively identified could be compared with the precursor ion measured, and not just from a single MS survey, but perhaps from a few scans combined over a selected time range that could be determined from the selected ion extraction profile (as shown in Figure 3 ). Summing up MS data in such manner is already in practice, only it is used for quantification and not for improving mass accuracy, or for confirming the monoisotopic mass assignment. Thus, we suggest that such a step should be incorporated in the validation of database search results. Presently, groups that recognize this problem have to vote 'for manual inspection of the correct monoisotopic peak' [35] .
Using All Available Information Combined
However, an accurate precursor mass alone will not solve all the problems. The precursor mass of peptide 1, computerpicked correctly from a single MS survey, fits the full tryptic sequence, TFVLSALQPSPTHSSSNTQR modified with a HexHexNAcFuc glycan within 0.3 ppm. MS/MS analysis usually clears up the matter, although, as mentioned above, ion trap ETD spectra with the low resolution and low mass accuracy have certain limitations. Obviously, with improved instrumentation the efficiency of ETD analysis can be improved and fragments can be measured in the Orbitrap with high resolution and mass accuracy. Interestingly, in our example this improvement might not solve the problem because most of the fragment ions detected fit perfectly well to the real as well as to the false structure. Thus, the HCD data were essential for solving this particular problem. In addition, we cannot forget that quite a few research groups still have to rely on lower quality, but high sensitivity ion trap data that combined with the information delivered by HCD still could yield the correct answer more unambiguously. In addition, HCD spectra could be instrumental in identifying metal-adducts, to confirm the presence of unexpected covalent modifications, and to decipher side reactions, just like the case presented here.
Our example also shows that readily available additional information, such as the chromatographic retention time may 'flag' some identifications as incorrect. In addition, for related structures, the changes in retention time may indicate the chemical nature of the alterations that occurred.
Conclusions
In summary, not only the functional groups of peptides but also the PTMs may participate in unforeseen chemical reactions during sample preparation, which further complicates the automated data interpretation process for high throughput proteomic analyses. Manual interrogation of the available MS/MS and chromatographic data combined permitted us to decipher a glycan modification. Dialog between investigative researchers and software developers could lead to the incorporation of similar combined strategies into search engines, which we believe would be highly beneficial for the field.
